aBstraCt: Fermented rapeseed meal (FRSM) contains greater levels of protein and less glucosinolates, NDF, and phytic acid than rapeseed meal (RSM) and might be an attractive feedstuff for swine, but its nutritional value has been poorly characterized. The aim of this study was to evaluate the nutritional value of RSM fermented by Aspergillus niger for growing pigs. In Exp. 1, 6 barrows (21.20 ± 1.47 kg initial BW) fitted with a T-cannula in the distal ileum were allotted to a repeated 3 × 3 Latin square with 3 diets and 3 periods per square to determine the apparent ileal digestibility (AID) and standardized ileal digestibility (SID) of CP and AA. A N-free diet and 2 diets containing RSM or FRSM as the only source of AA were formulated. Results indicated that there was no difference in AID and SID of CP and most AA between FRSM and RSM. However, the AID of 2 indispensable AA (Lys and Met) and 3 dispensable AA (Asp, Gly, and Tyr) were greater (P < 0.05) for FRSM than for RSM. The SID of only 2 dispensable AA (Gly and Tyr) were greater (P < 0.05) for FRSM than for RSM. In Exp. 2, 16 barrows (32.57 ± 2.67 kg initial BW) were allotted to 2 diets formulated to contain RSM or FRSM as the sole source of P to determine the apparent total tract digestibility (ATTD) of P. The ATTD and standardized total tract digestibility (STTD) of P in FRSM were 72.10 and 77.31%, respectively. These values were greater (P < 0.01) than in RSM (34.79 and 41.34%, respectively). In Exp. 3, 24 growing barrows (32.23 ± 1.33 kg initial BW) were fed 3 diets with 8 replicate pigs per diet to measure concentration of DE and ME of FRSM. A corn diet consisting of 98.40% corn was formulated and 2 additional diets were formulated by mixing corn with 35% RSM or FRSM. The DE and ME in FRSM (2,887 and 2,650 kcal/kg of DM, respectively) were greater (P < 0.05) than those in RSM (2,609 and 2,328 kcal/kg of DM, respectively). In summary, solid-state fermentation of RSM by A. niger has a greater nutritional value than RSM and is a promising alternative high-quality protein source.
kidney functions, and interfere with iodine availability (Tripathi and Mishra, 2007) . Phytate may reduce mineral bioavailability and might reduce protein digestibility (Guggenbuhl and Simões-Nunes, 2007) .
Solid-state fermentation (ssF) has been reported to be an effective way to reduce undesired substances of RSM including phytic acid, glucosinolates, and fiber (Rozan et al., 1996; Vig and Walia, 2001; Wang et al., 2012) . Solid-state fermentation of RSM enhanced performance and improved nutrient digestibility and intestinal morphology of broilers (Chiang et al., 2010 ). An increase in the apparent ileal digestibility (aid) of DM and most AA may be observed in fermented soybean meal (FsBm) compared with conventional soybean meal (SBM-CV; Min et al., 2004) . There is, however, limited information about the digestibility of energy and nutrients in fermented rapeseed meal (Frsm) fed to pigs. Therefore, the current experiment was conducted to determine the digestibility of AA and P and the concentration of DE and ME in RSM and FRSM when fed to growing pigs.
materiaLs and metHods
All experimental procedures were reviewed and approved by Institutional Animal Care and Use Committee at the Sichuan Agricultural University.
Experimental Procedures
Pigs used in all experiments originated from the mating of Duroc boars to Landrace × Yorkshire sows (Shunqingyuan, Inc., Beijing, China). Ingredients used in the experiments included RSM and FRSM (Table 1) . Solvent-extracted RSM was obtained from Xin-Xing Grains & Oils (Group) Co. Ltd. (Chengdu, China). The source of FRSM (Biofeed Bio-tech Co. Ltd., Chengdu, China) was prepared by fermentation of RSM in the presence of Aspergillus niger 41258. The same batches of these ingredients were used in 3 experiments.
Amino Acid Digestibility: Experiment 1
Experiment 1 was designed to measure AID and standardized ileal digestibility (sid) of CP and AA of FRSM in growing pigs. Six growing barrows (22.10 ± 1.42 kg initial BW) were equipped with a T-cannula in the distal ileum as indicated by Nyachoti et al. (2002) . Experimental pigs were allotted to a repeated 3 × 3 Latin square design with 3 diets and three 7-d periods per square. After surgery, pigs were individually housed in 1.1 by 1.4 m pens with smooth sides and plastic-covered expanded metal flooring and allowed at least a 10-d recovery period. Room temperature was maintained at 22 to 25°C. During this period, pigs were fed increasing amounts of a corn-soybean meal diet twice daily and they had free access to water throughout the experiment.
The experimental diets included 2 corn starchbased diets with either RSM or FRSM as the sole source of protein and a N-free diet was used to estimate basal endogenous N and AA losses for determining the SID of CP and AA (Table 2) . Vitamins and minerals were provided to meet or exceed current 2 TCA-SP = trichloroacetic acid-soluble protein.
3 Small peptide = TCA-SP -free AA.
4 FAA = free AA.
5 Inorganic P = total P -phytic P.
requirement estimates for growing pigs (NRC, 2012) . All diets contained chromic oxide (0.4%) as an indigestible marker.
Pigs were fed at 0800 and 1530 h at 2.6 times the maintenance energy requirement (Woyengo et al., 2010) based on their BW (106 kcal ME/kg BW 0.75 ; NRC, 1998) at the beginning of each period. After a 5-d adaptation period to the diet, digesta samples were continuously collected for 12 h from 0800 to 2000 h on d 6 and 7 as described by Nyachoti et al. (2002) . Briefly, a plastic bag was attached to the cannula barrel by using a cable tie. Bags were removed whenever they were filled with digesta or at least once every 30 min. They were stored at -20°C to prevent bacterial degradation of AA in the digesta.
Phosphorus Digestibility: Experiment 2
Experiment 2 was designed to measure apparent total tract digestibility (attd) and standardized total tract digestibility (sttd) of P in FRSM for growing pigs. A total of 16 growing barrows (32.57 ± 2.67 kg initial BW) were placed in metabolism cages and allotted to 2 diets in a randomized complete block design with 8 replicate pigs per diet. The metabolism cages were similar to those used in Exp. 1. Two diets were formulated by mixing cornstarch and sugar with 30% RSM or 30% FRSM (Table 3) . The only sources of P in the diets were RSM and FRSM. Vitamins and minerals, except P, were provided to meet or exceed current requirement estimates for growing pigs (NRC, 2012) .
Feed was supplied to pigs in the daily amount of 2.6 times the maintenance requirement energy (i.e., 106 kcal ME/kg BW 0.75 ; NRC, 1998) of the smallest pig in each replicate. The daily allowance of feed was divided into 2 equal meals that were fed at 0800 and 1700 h. Water was available at all times.
Experimental diets were fed for 14 d, and the initial 7 d were considered a period of adaptation to the diet. Ferric oxide (0.5%) was added to the diet as indigestible markers in the morning meals on d 8 and 13, respectively. Fecal collection from each pig was initiated as the ferric oxide appeared in the feces after d 8 and ceased when the marker first appeared in the feces after d 13 (Petersen and Stein, 2006) . Feces were collected twice daily and stored at -20°C immediately after collection.
Energy Availability: Experiment 3
Experiment 3 was conducted to determine DE and ME of FRSM for growing pigs. A total of 24 growing barrows with an initial BW of 32.23 ± 1.33 kg were allotted to 3 diets in a randomized complete block design with 8 replicate pigs per diet. A corn-based diet and 2 diets containing RSM or FRSM were formulated (Table 4) . Vitamins and minerals were included in the diets to meet or exceed the requirements for growing pigs (NRC, 2012) . Experimental procedures were similar to Exp. 2.
Fecal samples were collected twice daily and stored at -20°C immediately after collection. Urine collections were initiated on d 8 at 1700 h and ceased on d 13 at 1700 h. Urine buckets were placed under the metabolism cages and were emptied twice daily, and a preservative of 50 mL of sulfuric acid was added to each bucket when it was emptied. The collected urine was weighed and a 10% subsample was stored at -20°C.
Sample Preparation and Chemical Analyses
At the end of the 3 experiments, all digesta, fecal, and urine samples were thawed and mixed within animal and diet. Digesta subsamples were lyophilized and fecal and urine samples were dried in an oven at 55°C. Both RSM and FRSM, all diets, feces, and digesta samples were ground through a coffee grinder and then sieved through a 1-mm screen before chemical analysis. Urine samples were thawed and pooled for each pig for analysis. All samples were analyzed in duplicate. All samples were analyzed for moisture (method 930.15; AOAC, 2005) . Ingredients, diets, and digesta were analyzed for Kjeldahl N (method 984.13; AOAC, 2005) . The AA profile of ingredients, diets, and digesta was analyzed (method 982.30E; AOAC, 2005) using an AA analyzer (model L8800; Hitachi, Tokyo, Japan). Before analysis, samples were hydrolyzed with 6 N HCl for 24 h at 110°C. Methionine and Cys were analyzed as methionine sulfone and cysteic acid after cold performic acid oxidation overnight before hydrolysis. All diets used in Exp. 1 and the ileal digesta samples were analyzed for chromium by spectrophotometry at 440 nm after ashing at 450°C overnight (Fenton and Fenton, 1979) . The total P and Ca content of ingredients, diets, and fecal samples from Exp. 2 were determined by inductively coupled plasma emission spectroscopy (method 985.01; AOAC, 2005) . The GE of ingredients and diets and fecal and urine samples from Exp. 3 were determined using an adiabatic oxygen bomb calorimeter (Parr Instrument Co., Moline, IL). Both FRSM and RSM were analyzed for ether extract (method 920.39A; AOAC, 2005), NDF (Holst, 1973) , ADF (method 973.18; AOAC, 2005) , and ash (method 942.05; AOAC, 2005) . Total glucosinolates contents of ingredients were determined according to the palladium chloride method (Wathelet et al., 1988) . Phytate in ingredients were analyzed as described by Ellis et al. (1977) . Phytate-bound P was calculated as 28.2% of phytate (Tran and Sauvant, 2004) . The contents of nonphytate P (nPP) in ingredients were calculated by subtracting phytate P from total P. Trichloroacetic acid-soluble protein (TCA-SP) of samples were determined by Ovissipour et al. (2009) . The free AA (Faa) in FRSM or RSM were extracted with 0.02 mol/L of HCl and determined by an AA Analyzer (model L8800; Hitachi). Small peptide content was calculated by subtracting FAA from TCA-SP (Rutherfurd, 2010) .
Calculations and Statistical Analysis
In Exp. 1, values for AID, basal endogenous losses, and SID of CP and AA in each diet were calculated as described by Stein et al. (2007) . The AID and SID of CP and AA in the RSM diet and FRSM diet also represent the AID and SID of CP and AA in RSM and FRSM. In Exp. 2, The ATTD of Ca and P in RSM and FRSM diets was calculated using the direct procedure (Almeida and Stein, 2010) . Because RSM and FRSM were the only sources of P in the 2 diets, the ATTD value for RSM and FRSM diet also represents the ATTD of P in RSM and FRSM, respectively. A basal endogenous loss of 200 mg P/kg DMI was assumed (Stein, 2011) . The STTD of P was calculated for RSM and FRSM by correcting the ATTD of P for the endogenous P loss. In Exp. 3, the energy lost in feces and urine was calculated for each diet, and the DE and ME in each of the 3 diets were calculated. The DE and ME in RSM and FRSM were calculated using the difference method (Adeola, 2001) .
Data for the 3 experiments were analyzed using SAS software (SAS Inst. Inc., Cary, NC). The homogeneity of the variance among treatments was verified using the UNIVARIATE procedure. No outliers were identified and removed from the data set. Moreover, treatment means were calculated by LSMEANS statement and the PDIFF option was used to separate means in 3 experiments. Differences were considered at P < 0.05 and were considered trends at P < 0.10 between the 2 treatment means. In Exp. 1, data were analyzed by ANOVA using the PROC GLM procedure. In Exp. 2 and 3, data were analyzed by ANOVA using the Mixed procedure, with diet as the main effect and replicate as the random effect. In Exp. 3, all means except data for DE and ME in ingredients were compared among all 3 diets, but means for DE and ME in ingredients were compared between the FRSM and RSM.
resuLts

Chemical Composition
Analyzed nutrient contents of the 2 ingredients are presented in Table 1 . The FRSM contained more CP, ash, Ca, total P, and AA (except His) than unfermented RSM. The content of inorganic P in FRSM (1.11%, as-fed basis) was 2.83 times greater than that (0.29%) in unfermented RSM. However, the crude fat was lower for FRSM than that for unfermented RSM. The contents of TCA-SP, FAA, and small peptides in RSM were 2.62, 0.38, and 2.39%, respectively, whereas in FRSM, those contents were 9.3, 1.94, and 7.38%, respectively. Concentrations of NDF, ADF, glucosinolates, isothiocyanate, oxazolidithione, and phytic acid in FRSM declined by 14. 45, 9.79, 43.72, 56.11, 44 .91, and 86.08%, respectively, compared with unfermented RSM.
Amino Acid Digestibility
The AID and SID values of CP and AA in RSM and FRSM are presented in Table 5 . There was no difference in AID or SID of CP between RSM (61.61 and 71.56%, respectively) and FRSM (64.78 and 74.87%, respectively). No differences in mean AID and SID of indispensable AA were observed between FRSM (71.12 and 80.73%, respectively) and RSM (69.74 and 79.36%, respectively). The AID of Lys and Met were greater (P < 0.05) in FRSM than in RSM, but for the remaining indispensable AA, no differences between FRSM and RSM were observed. The SID of all indispensable AA except Lys was not different between FRSM and RSM. The AID of Asp, Gly, and Tyr in FRSM were greater (P < 0.05) than in RSM, but for the remaining dispensable AA, no differences in AID values between FRSM and RSM were observed. The SID of most dispensable AA in FRSM was not different from the SID for AA in RSM except for the Gly and Tyr, which were greater (P < 0.05) in FRSM than in RSM.
Phosphorus Digestibility
Feed intake and fecal output did not differ between pigs fed the RSM (1,427 and 179 g/d, respectively) and the FRSM (1,354 and 180 g/d, respectively) diets (Table 6 ). Pigs fed the RSM and the FRSM diets did not differ in Ca intake; however, P intake was greater (P < 0.05) for pigs fed the FRSM diet compared with pigs fed the RSM diet (5.00 vs. 4.14 g/d). Concentrations of Ca and P in the feces were lower (P < 0.01) for pigs fed the FRSM diet compared with pigs fed the RSM diet (0.73 and 0.76% vs. 1.07 and 1.47%, respectively). Fecal excretion of Ca and P from pigs fed the FRSM diet (1.35 and 1.40 g/d, respectively) was less (P < 0.01) compared with pigs fed the RSM diet (1.95 and 2.69 g/d, respectively). Consequently, P absorption by the pigs fed the FRSM diet (3.60 g/d) was greater (P < 0.01) than by pigs fed the RSM diet (1.45 g/d), but no difference in Ca absorption was observed between pigs fed the RSM and the FRSM diets.
The ATTD and STTD values of P were greater (P < 0.01) in the FRSM diet (73.10 and 77.31%, respectively) than in the RSM diet (34.79 and 41.34%, respectively). Pigs fed the FRSM diet also had a greater (P < 0.01) ATTD of Ca (81.55%) compared with the ATTD of Ca from pigs fed the RSM diet (74.57%).
Energy Availability
There was no difference in the GE intake among pigs fed the experimental diets (Table 7) . The fecal energy excretion was less (P < 0.05) from pigs fed the FRSM diets than from pigs fed the RSM diets (1,291 vs. 1,399 kcal/d), but the corn diet had a lower (P < 0.05) fecal energy excretion compared with the FRSM diet. The ATTD of GE was greater (P < 0.05) in the FRSM diet (78.84%) than in the RSM diet (76.78%), and pigs fed the corn diet had the highest (P < 0.05) value among treatments. There was no difference in excretion of energy in the urine between pigs fed the RSM and FRSM diets. Consequently, DE and ME were greater (P < 0.01) in the FRSM diet (3,074 and 2,974 kcal/kg, as-fed basis, respectively) compared with the RSM diet (3,007 and 2,893 kcal/kg, as-fed basis, respectively). The DE and ME were greater (P < 0.01) in the FRSM (2,539 and 2,331 kcal/kg, as-fed basis, respectively) compared with the RSM (2,321 and 2,037 kcal/kg, as-fed basis, respectively). On a DM basis, the DE and the ME in FRSM were greater (P < 0.01) than in RSM (2,887 vs. 2,609 kcal of DE/kg of DM and 2,650 vs. 2,328 kcal of ME/kg of DM, respectively).
disCussion
Chemical Composition
Fermented rapeseed meal contained more CP, ash, Ca, and P than unfermented RSM substrate, which is consistent with observations from other experiments (Chiang et al., 2010; Xu et al., 2011) . The loss of DM in the form of fermentable sugars during fermentation may be a possible reason for the increase in N (Rozan et al., 1996) . Crude protein increased after fermentation, and the AA contents of FRSM would also be in- creased except for His, which may be attributable to the preferential utilization of His by A. niger. Furthermore, FRSM also exhibited an increase in TCA-SP and FAA compared with the control. Trichloroacetic acid-soluble protein, which is assumed to consist of only small peptides (2 to 20 residues) and FAA (Kuchroo and Fox, 1982) , is easily absorbed in the animal gut system. Free amino N production after 72 h of SSF by Aspergillus oryzae was increased to 34.5 mg/g, which is equivalent to a 55% conversion from the total N in the RSM (Uçkun Kiran et al., 2012 ). An increased amount of TCA-SP and FAA in FRSM might be due to partial digestion of large-size peptides in RSM by proteases secreted by A. niger during fermentation. In a previous study, a 40-h fermentation with Rhizopus oligosporus resulted in the degradation of 47% of total glucosinolates in RSM (Rozan et al., 1996) . Rakariyatham and Sakorn (2002) showed that 100 μmol/g of glucosinolates was totally degraded by SSF with Aspergillus sp. NR-4201 in 48 h. In the present study, FRSM also exhibited a decline in the glucosinolates and its degradation products compared with unfermented RSM substrate, which may be due to utilization of glucose and sulfur moieties of these compounds by microbial enzymes (Tripathi and Mishra, 2007) . The most substantially effect of the SSF was the reduction in the phytic acid content in the RSM substrate, which declined by about 86%. Reduction of phytic acid by fermentation is in agreement with findings of El-Batal and Karem (2001) , who reported that A. niger had ability to produce phytase, which causes the breakdown of phytate during SSF.
Amino Acid Digestibility
The present data are the first to report AID and SID for FRSM produced using A. niger. Endogenous losses of CP and AA of growing pigs in the present experiment were similar to previously reported values Widmer et al., 2007) . In general, the AID and SID values, except those for Met, Gly, and Pro, obtained in this experiment were near or within the values published by the NRC (2012). The lowest AID and SID values of the indispensable AA were observed for Thr and Lys, which were consistent with values published by the NRC (2012).
In the present study, no differences were observed in the AID and SID of CP and most AA between FRSM and RSM. Chiang et al. (2010) also reported that ATTD of CP for broiler chickens fed FRSM were not different from those fed RSM. However, data on digestibility of CP and AA from FRSM in pigs is scarce to date. In the present study, the AID of 2 indispensable AA (Lys and Met) and 3 dispensable AA (Asp, Gly, and Tyr) were greater (P < 0.05) for FRSM than for RSM; the reason for greater AID of AA in FRSM may be that during SSF, the concentration of small peptides in FRSM increased compared with unfermented RSM in the present study. An increase in small peptides is also in agreement with Hong et al. (2004) and small peptides may be better absorbed in the small intestines than AA (Gilbert et al., 2008) . Phytase addition improved the digestibility of all measured AA in broilers and there was a strong cor- relation between AA digestibility and degree of phytate degradation (Amerah et al., 2014) . However, there were conflicting and inconsistent reports with regard to the efficacy of phytase and reduction of phytate in improving N or AA digestibility and retention in pigs (Traylor et al., 2001; Radcliffe et al., 2006; Guggenbuhl and Simões-Nunes, 2007; Pomar et al., 2008) . In the present study, no differences were found in the values of AID and SID of CP and most AA between FRSM and RSM, which confirmed that reduction of phytic acid in FRSM did not result in an increase in the digestibility of CP or most AA for growing pigs.
Phosphorus Digestibility
Phosphorus from plant-derived feedstuffs is mainly in the form of phytic P, which has a low bioavailability in pigs. In RSM, 80.5% of total P is bound in phytic acid and cannot be metabolized by animals (Segueilha et al., 1992) . The chemical name of the phytate molecule is myo-inositol hexaphosphate (IP6), which has 6 atoms of P bound to the inositol molecule. The molecular weight of P is 30.974 g/mol and the 6 P in phytate, therefore, equates to 28.2% of the total weight of phytate (Tran and Sauvant, 2004) . The total P concentration and ATTD and STTD of P in RSM substrate was close to the mean values of 1.05, 33.4, and 39.2%, respectively, reported by the NRC (2012).
To our knowledge, the ATTD and STTD of P in FRSM have never been previously reported, and the ATTD and STTD values of P in FRSM determined in this study were about 2 times greater than those of P in unfermented RSM. The greater digestibility of P in FRSM compared with RSM is likely a result of the increase concentration of NPP in FRSM compared with unfermented RSM. As expected, the content of NPP in FRSM was 3.83 times that in RSM in this study. The greater ATTD and STTD of P in FSBM compared with SBM-CV have been previously obtained (Rojas and Stein, 2012) . The digestibility of P in fermented corn coproducts also is greater than that in corn and nonfermented coproducts (Pedersen et al., 2007; Widmer et al., 2007; Stein et al., 2009 ). Therefore, fermentation seems to be an effective way of improving P digestibility of feed ingredients that contain phytate P.
The Ca in the diets originated from a combination of Ca in the RSM or FRSM substrate and Ca from limestone. Pigs fed the FRSM diet had a greater (P < 0.01) ATTD of Ca compared with the ATTD of Ca from pigs fed the RSM diet. The reason for this observation may be that fermentation reduced the amount of phytate in the FRSM, which reduced the capacity of phytate to chelate Ca, and this increased the amount of Ca available for absorption (Selle et al., 2009) .
Energy Availability
Corn is an ideal ingredient to be used in experiments where DE and ME values of test ingredients are determined using the difference procedure (Rojas and Stein, 2013) . The values for GE, DE, and ME in corn that were determined in this experiment are in close agreement with previous values (NRC, 2012) . The DE and ME in RSM determined in this experiment (2,609 and 2,328 kcal/kg DM, respectively) were close to estimation of energy values (2,565 and 2,324 kcal/kg DM, respectively) from chemical analysis by using prediction equations (Noblet and Perez, 1993) .
The DE and ME are greater in FRSM than in unfermented RSM. The reason is most likely that during SSF, the NDF and ADF concentration in FRSM were reduced compared with RSM. Vig and Walia (2001) investigated the effect of SSF on the components of RSM, and the results showed that crude fiber was reduced by 25.5% after fermentation. In the present study, NDF and ADF concentrations were reduced by 14.45 and 9.79%, respectively. Aspergillus niger, a white rot fungi, in this experiment has ability to produce extracellular hydrolase (endoglucanase, xylanase, acid protease and phytase) during SSF, especially lignocellulolytic enzymes. After 4 day's fermentation, maximal xylanase and endoglucanase production ( 862.01 and 8.88 U/g DM, respectively) in FRSM were obtained. Solid-state fermentation by A. oryzae led to the production of hydrolytic enzymes that could release free amino N, inorganic P, and a small amount of glucose from RSM (Wang et al., 2010) . Therefore, the reduction of NDF and ADF may increase fermentable sugars concentration in FRSM. The ADF and NDF are not completely fermented in the intestinal tract of pigs, and reduction of ADF and NDF result in increased values for DE and ME (NRC, 2012) .
The ATTD of ADF and NDF in corn distillers dried grain with solubles and FSBM were greater than in corn and SBM-CV (Urriola et al., 2010; Rojas and Stein, 2013) . Fang et al. (2007) reported that xylanase supplementation at 0.10, 0.25, 0.50, or 0.70 g/kg all resulted in enhanced NDF in vitro digestibility compared with the control diet. An increase in ATTD of ADF and NDF may be another reason for greater DE and ME in FRSM than unfermented RSM. Furthermore, more digestible CP in FRSM may also be factor for greater available energy than unfermented RSM.
In conclusion, the results of these experiments showed that FRSM had a greater P digestibility and contained more DE and ME than RSM. The digestibility values of CP and most AA in FRSM were similar to those in RSM, but FRSM contains more digestible AA than RSM, because of the greater concentration of AA in FRSM than in RSM. Therefore, if FRSM is used to replace RSM in pig diets, not only less inorganic P needed to be included in diets, but also, P excretion in the manure will be decreased and DE and ME in the diet will be increased. Our results were useful to growing pigs' diet formulation and contribute to FRSM use in pig production.
